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Abstract
Field studies were conducted in 2012 and 2013 to evaluate weed and insect control efficacy with glyphosate at 1 230 g ai 
(active ingredient) ha–1 and the insecticides acephate (728 g ai ha–1), carbosulfan (135 g ai ha–1), endosulfan (683 g ai ha–1), 
imidacloprid (32 g ai ha–1), or lambda-cyhalothrin (23 g ai ha–1), as well as glyphosate tank-mixed with these insecticides. 
Four of the most common weeds in cotton, common purslane, false daisy, goosegrass, and lambsquarters, were manu-
ally sown in the cotton field and treated with glyphosate alone or in combination with insecticides.  Glyphosate efficacy, 
based on visual estimates of control and weed fresh weight at 21 d after treatment (DAT), was unaffected by the addition 
of insecticides.  Four weeds were controlled by 93–97% and 86–100% (visual rating) and reduced weed fresh biomass by 
98–99% and 96–100% with glyphosate alone and its combination with insecticides, respectively.  Addition of glyphosate to 
acephate improved cotton aphid control compared with acephate alone.  However, addition of glyphosate to carbosulfan, 
endosulfan, imidacloprid, or lambda-cyhalothrin did not affect the aphid control when compared with the insecticide alone 
treatments.  These results indicate that cotton producers could potentially integrate weed and insect management strategies 
by choosing suitable insecticide mixing partners with glyphosate, thereby reducing the application costs without sacrificing 
the efficacy of the glyphosate or the insecticides.
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decades (Mao 2013).  However, the cotton growing area is 
increasingly under pressure due to higher production costs 
(10 200 CNY ha–1 in 2003 to 32 700 CNY ha–1 in 2013), es-
pecially the rapidly expanding labor costs (4 650 CNY ha–1 
in 2003 to 20 400 CNY ha–1 in 2013; the Price Department of 
the National Development and Reform Commission of China 
2014).  Therefore, reducing production costs has become 
increasingly important to make cotton farming sustainable 
and viable.  Transgenic Bacillus thuringiensis (Bt) cotton has 
been widely adopted in China since its initial commercial 
release in 1997 (Lu et al. 2010, 2012).  In recent years, 
there has been an increasing trend of agricultural population 
migrating to the cities and the rural labor forces shifting to 
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1. Introduction
China is one of the major cotton producers in the world 
with about 5 million ha in production averaged for over six 
© 2016, CAAS. Published by Elsevier Ltd. This is an open 
access art ic le under the CC BY-NC-ND l icense (http:/ /
creativecommons.org/licenses/by-nc-nd/4.0/).
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non-agricultural industries in China (summarized from the 
Statistical Bulletin of National Economic and Social Devel-
opment, National Bureau of Statistics, China).  Demand for 
glyphosate-resistant cotton is very strong in China.  Up to 
now, there are some transgenic glyphosate-resistant cotton 
varieties now belonging to the cotton breeders in China 
(Wang et al. 2014; Zhang et al. 2014), which can lay the 
foundation for application to production in the near future. 
This technology is expected to alleviate the labor demand 
for manual weed control in cotton.  Moreover, glyphosate-re-
sistant cotton will provide growers the opportunity to use 
glyphosate in cotton (Edenfield et al. 2005; Main et al. 2007), 
potentially resulting in scenarios of the simultaneous gly-
phosate and insecticides applications through tank-mixture.
Cotton aphid (Aphis gossypii Glover) is the primary pest 
in cotton seedlings in the Yellow River cotton-producing area 
of China (Zhang 1992; Li et al. 2013).  Aphids injure cotton 
seedlings by sucking the young leaves and stems, causing 
leaves to curl and reducing photosynthesis (Slosser et al. 
2002).  The widespread adoption of Bt cotton has reduced 
the use of broad-spectrum insecticides to control lepidopter-
an pests (Lu et al. 2010).  Populations of sap-feeding pests, 
such as aphids, leafhoppers, spider mites, and mirid bugs, 
have increased due to fewer insecticide sprays in Bt cotton 
fields (Naranjo 2011; Hagenbucher et al. 2013; Ma et al. 
2014).  In addition, at the cotton seedling stage, most weed 
species are also at their early seedling stages and may 
be susceptible to glyphosate application.  Consequently, 
optimum timing for insecticides and glyphosate application 
may coincide.  A combination of a suitable insecticide with 
glyphosate may allow growers to control both weeds and 
insect pests with a single application in the glyphosate-re-
sistant cotton field, thereby reducing fuel use, labor costs 
and equipment wear.
The compatibility of glyphosate-insecticide combinations 
on weed control has been previously evaluated in cotton. 
Scroggs et al. (2005) observed that insecticides acephate, 
acetamiprid, bifenthrin, cyfluthrin, cypermetherin, dicro-
tophos, dimethoate, emanectin benzoate, imidacloprid, 
indoxacarb, lambda-cyhalothrin, methoxy-fenozide, spi-
nosad, thiamethoxam, and zeta-cypermethrin applied in 
mixture with glyphosate resulted in no reduction in visual 
weed control or biomass of barnyardgrass (Echinochloa 
crus-galli (L.) Beauv.), hemp sesbania (Sesbania exaltata 
(Raf.) Rydb.), johnsongrass (Sorghum halepense (L.) Per.), 
pitted morningglory (Ipomoea lacunose L.), and sicklepod 
(Senna obtusifolia (L.) Irwin and Barneby) compared with 
glyphosate alone.  Similarly, Pankey et al. (2004) report-
ed that acephate, dicrotophos, dimethoate, imidacloprid, 
lambda-cyhalothrin, oxamyl, and endosulfan did not affect 
the control efficacy of glyphosate on pitted morningglory, 
prickly sida (Sida spinosa L.), and redweed (Melochia 
corchorifolia L.); but applying lambda-cyhalothrin or fipronil 
with glyphosate reduced control of hemp sesbania by 19 
and 9%, respectively, compared with glyphosate alone. 
Mascarenhas and Griffin (1997) also found that addition of 
imidacloprid to glyphosate reduced barnyardgrass control 
and that chlorpyrifos, fipronil, methamidophos, and imida-
cloprid mixed with glyphosate reduced pitted morningglory 
control compared to the glyphosate alone treatment.
The joint effects of glyphosate mixing with insecticides 
on insect control have also been investigated.  Panky et al. 
(1999) reported that glyphosate tank mixtures with acephate, 
cyhalothrin, dimethoate, or imidacloprid did not antagonize 
thrips (Frankliniella spp.) control.  Pankey et al. (2004) also 
reported that insect control was not reduced by glyphosate 
regardless of the insecticides, and mixture of glyphosate 
with dicrotophos and imidacloprid improved cotton aphid and 
thrips control respectively compared to insecticide alone. 
Sparks et al. (2003) also found that cotton bollworm (Heli-
coverpa zea Boddie (Lepidoptera: Noctuidae)) control was 
not reduced by the mixture of glyphosate and emamectin. 
However, Mascarenhas and Griffin (1997) found that the 
addition of glyphosate to oxydemeton-methyl reduced the 
aphid control in cotton.
With the intent of reducing inputs and costs in cotton, 
growers may find it beneficial to tank-mix glyphosate with 
insecticides to control both weeds and insects at the same 
time.  However, many times pesticides work in an antagonis-
tic manner when combined.  The objective of this research 
was to determine if selected foliar-applied insecticides in 
mixture with glyphosate influence the control efficacy of 
glyphosate on weeds and conversely if glyphosate affects 
control efficacy of insecticides on aphid in cotton.
2. Results
2.1. Weed control with glyphosate and insecticide 
mixtures
Statistical analysis indicated that weed control was not influ-
enced by the interaction of year and treatment.  Glyphosate 
alone or in combination with insecticide provide similar 
control.  Averaged across years, glyphosate alone controlled 
common purslane 93%, false daisy 97%, goosegrass 96%, 
and lambsquarters 95%, while glyphosate in combination 
with insecticides controlled these weed by 86 to 99%, 96 
to 98%, 93 to 100%, and 92 to 97%, respectively (Table 1). 
Glyphosate applied alone or with insecticides significantly 
reduced fresh weight of all weed species compared with the 
respective untreated controls 21 d after treatment (DAT). 
In addition, coapplication of insecticides with glyphosate 
did not antagonize control of weeds when compared with 
glyphosate applied alone.  At 21 DAT glyphosate alone 
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treatments resulted in fresh biomass reductions of 98, 99, 
99, and 99%, respectively, for common purslane, false daisy, 
goosegrass, and lambsquarters when compared with the 
untreated control.  The glyphosate/insecticide combination 
treatments resulted in fresh weight reductions averaging 96 
to 100%, 99 to 100%, 99 to 100%, and 99 to 100% for the 
respective weeds evaluated, respectively (Table 1).
2.2. Insect control with glyphosate and insecticide 
mixtures
Aphid control was influenced by the interaction of year and 
treatment, and then data of different years were presented 
and analyzed separately (Table 2).  In both years, aphid 
populations did not differ between plots at the onset of the 
experiment (P>0.05), and there were more aphids in 2012 
(61 to 75 aphids per plant) than in 2013 (45 to 58 pests 
per plant).  
In 2012, at the first day after treatment, the number of 
aphids in the untreated plot increased to 184 per plant. 
However, the number of aphids in treated plots decreased 
compared with the base before initiation of the experiment, 
except for the acephate alone treatment.  The effective-
ness of insecticides alone on aphid control, based on the 
percent reduction from the untreated control, ranged from 
55% for acephate to 97% for carbosulfan and endosulfan. 
The addition of glyphosate to insecticides did not affect the 
insecticidal activities with the exception of acephate.  The 
addition of glyphosate to acephate improved aphid con-
trol (69%) as compared to the acephate alone treatment 
Table 1  Control of common purslane, false daisy, goosegrass, and lambsquarters with glyphosate applied alone or with insecticides 
21 d after treatment (DAT)
Treatment1)
Rate
(g ai ha–1)
Common purslane False daisy Goosegrass Lambsquarters
VR (%)2) FW (g)3) VR (%) FW (g) VR (%) FW (g) VR (%) FW (g)
Untreated – – 218.5±28.7 – 31.4±9.6 – 93.8±42.9 – 352.6±41.8
Glyphosate 1 230 93±8 4.1±4.0 97±6 0.3±0.6 96±7 0.7±1.3 95±7 3.6±4.8
+Acephate 728 89±12 8.2±9.3 96±2 0.3±0.3 98±4 0.3±0.5 94±7 3.3±4.4
+Carbosulfan 135 87±10 7.4±6.3 97±4 0.1±0.1 93±6 1.2±1.2 93±8 4.9±5.3
+Endosulfan 683 95±6 5.2±6.2 98±3 0.1± 0.1 97±3 0.5±0.7 96±5 3.6±5.2
+Imidacloprid 32 86±14 7.9±9.2 98±3 0.1±0.2 100 0 97±4 1.0±1.3
+Lambda-cyhalothrin 23 99±2 0.1±0.2 98±3 0.1±0.1 96±4 0.3±0.3 92±5 2.6±3.1
LSD 9.7 12.5 3.6 3.7 4.6 16.3 6.3 16.3
P-value 0.07 <0.001 0.93 <0.001 0.11 <0.001 0.56 <0.001
1) The isopropylamine salt formulation of glyphosate was applied for all glyphosate treatments, and glyphosate coapplied with all 
insecticides at 1 230 g ai ha–1.  Plus signs indicate tank-mix combinations of the insecticide with glyphosate.
2) VR, visual rating.
3) FW, fresh weight.
Data are pooled across years (means±SD).  LSD (0.05) value compares means within column.  The same as below.  
Table 2  Cotton aphid control with insecticides applied alone or with glyphosate
Treatment1)
Rate 
(g ai ha–1)
Population abundance (No. of pest plant–1)
2012 2013
0 DAT 1 DAT 3 DAT 7 DAT 0 DAT 1 DAT 3 DAT 7 DAT
Untreated – 75±8 184±18 296±24 165±20 45±6 46±6 62±12 68±18
Acephate 728 62±11 67±9 (55)* 72±39 (70)* 103±15 (21)* 47±3 24±2 (50)* 14±5 (78) 25±7 (65)
Acephate+glyphosate 728+1 230 63±14 46±17 (69) 33±7 (86) 48±14 (65) 52±9 16±7 (70) 16±7 (79) 29±8 (63)
Carbosulfan 135 72±15 6±3 (97) 16±3 (94) 46±11 (70) 58±12 5±3 (92) 4±3 (95) 16±9 (83)
Carbosulfan+glyphosate 135+1 230 61±14 7±2 (95) 27±11 (88) 55±16 (56) 53±11 5±1 (91) 7±1 (90) 27±8 (64)
Endosulfan 683 76±20 6±3 (97) 11±2 (96) 38±11 (76) 52±18 4±3 (93) 2±1 (97) 10±5 (87)
Endosulfan+glyphosate 683+1 230 65±3 4±1 (98) 7±3 (97) 22±11 (84) 55±10 6±1 (90) 3±1 (97) 14±4 (81)
Imidacloprid 32 69±9 28±13 (84) 21±3 (92) 40±13 (73) 48±11 11±5 (76) 9±4 (86) 19±7 (72)
Imidacloprid+glyphosate 32+1 230 63±12 18±6 (88) 22±18 (92) 48±19 (65) 52±11 9±3 (83) 7±2 (88) 32±8 (58)
Lambda-cyhalothrin 23 65±19 61±18 (61) 94±22 (63) 158±18 (–16) 46±7 33±4 (30) 54±11 (12) 69±32 (1)
Lambda-cyhalothrin 
+glyphosate
23+1 230 69±20 42±11 (73) 103±32 (62) 177±41 (–22) 51±20 38±9 (23) 51±15 (22) 71±6 (–4)
LSD 20.1 16.8 27.8 27.0 16.1 6.5 12.7 19.1
P-value 0.84 <0.001 <0.001 <0.001 0.92 <0.001 <0.001 <0.001
1) The isopropylamine salt formulation of glyphosate was applied for all glyphosate treatments.
Data represent means±SD, and the corrected reduction is given in parentheses.  * indicates that the pest number in the plot treated by 
the insecticide alone was significantly different from that treated by insecticide-glyphosate combination (P≤0.05).
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(55%).  At the 3 DAT, aphid population in the untreated 
plot continued to increase and significantly outnumbered 
the pesticide-treated plot.  The effectiveness of pesticides 
on aphid control ranged from 62 to 97%.  The addition of 
glyphosate to insecticides did not affect the insecticidal ac-
tivities with the exception of acephate.  Single application of 
acephate (70%) was much less effective than the addition 
of glyphosate to acephate (86%) in controlling cotton aphid. 
Reduced efficacy of all pesticide treatments was found at 
7 DAT, especially the acephate alone and lambda-cyhalo-
thrin treatments (Table 2).
Although the absolute number of aphid population in 2013 
reduced at 0, 1, 3, and 7 DAT comparing to 2012, underlying 
trends of control efficacy, based on the percent reduction 
from the untreated control, looked broadly similar.  Aphid 
control at 1 DAT was 23 to 91% when pesticides were coap-
plied with glyphosate and control was not negatively affected 
compared with that for pesticides applied alone (30 to 93%). 
Reduction in aphid number did, however, increase 20% with 
coapplication of glyphosate and acephate.  Tank-mixtures 
of glyphosate with insecticides did not reduce insecticide 
efficacy on aphids compared with individual insecticides 
applied alone at 3 and 7 DAT.  In general, control efficacy of 
five evaluated insecticides against aphid was carbosulfan, 
endosulfan and imidacloprid>acephate>lambda-cyhalothrin 
(Table 2).
3. Discussion
Current research on weed control efficacy as affected by gly-
phosate coapplications differed from the previous research 
on weed species evaluated.  Results from this study indi-
cated that glyphosate efficacy on common purslane, false 
daisy, goosegrass, and lambsquarters was unaffected by the 
addition of insecticides, including acephate, carbosulfan, en-
dosulfan, imidacloprid, and lambda-cyhalothrin.  And it was 
the first time to estimate the effect of carbosulfan tank-mix 
of glyphosate on weed species.  Past research has shown 
similar results on weed control efficacy of glyphosate when 
coapplied with insecticides.  Pankey et al. (2004) reported 
that addition of the insecticides acephate, imidacloprid, 
lambda-cyhalothrin, and endosulfan did not reduce the con-
trol efficacy of glyphosate on pitted morningglory, redweed, 
and prickly sida.  However, they did observe a reduction in 
hemp sesbania control in one year when glyphosate was 
applied in combination with lambda-cyhalothrin, which was 
attributed to the advanced growth stage of hemp sesbania 
at the time of application.  Our findings are also similar to 
those of Scroggs et al. (2005) where no differences in visual 
weed control and fresh weight reductions of barnyardgrass, 
hemp sesbania, johnsongrass, pitted morningglory, and 
sicklepod were reported when glyphosate alone treatments 
were compared with glyphosate in mixture with insecticides 
acephate, imidacloprid, and lambda-cyhalothrin used in 
the present study.  However, antagonism has also been 
demonstrated when glyphosate was tank mixed with imi-
dacloprid to control barnyardgrass and pitted morningglory 
(Mascarenhas and Griffin 1997).
Consistent with other research (Pankey et al. 2004), no 
adverse effects on cotton aphid control were observed when 
insecticides, including acephate and imidacloprid used in 
the present study, were applied alone or coapplied with 
glyphosate.  Moreover, effectiveness of carbosulfan, endo-
sulfan, or lambda-cyhalothrin tank-mixing with glyphosate 
on aphid control was firstly tested, and results from this 
study indicated that addition of glyphosate to these three 
insecticides did not affect the aphid control when compared 
with the insecticide alone treatments.  However, a reduc-
tion in aphid numbers was observed when glyphosate was 
applied with dicrotophos compared with insecticide alone, 
and this synergistic response was attributed to the surfac-
tants contained within the glyphosate formulation (Pankey 
et al. 2004).  This assumption applied equally well to the 
synergism of glyphosate addition to acephate in this study. 
Long-term and excessive use of acephate for over 40 years 
in China has led to a dramatic increase in acephate-resis-
tant cotton aphid biotypes and the potential mechanism 
for resistance was the reduction in epidermal penetration 
of aphid to acephate (Liang et al. 2013).  The adjuvants 
including surfactants contained within the glyphosate formu-
lation could facilitate penetration or absorption of acephate 
through the insect cuticle.  Potential synergism has also 
been demonstrated when glyphosate was tank mixed with 
acephate, dicrotophos, oxamyl, and imidacloprid to control 
tarnished plant bug (Lygus lineolaris) in Roundup Ready 
cotton (Greene and Capps 2004).
As one of the most widely used herbicides in the world, 
compatibility of glyphosate with fungicides, herbicides, 
plant growth regulators, foliar-applied fertilizers, and metal 
ions has also been evaluated.  Bradley and Sweets (2008) 
reported that the fungicides chlorothalonil, metconazole, 
myclobutanil, propiconazole, pyraclostrobin, tebuco-
nazole, tetraconazole, azoxystrobin plus propiconazole, 
propiconazole plus trifloxystrobin, and pyraclostrobin plus 
boscalid coapplied with glyphosate resulted in no reductions 
in visual weed control or weed density at harvest compared 
with glyphosate alone in glyphosate-resistant soybean.  The 
interactions between glyphosate and other herbicides can 
have either a synergistic, antagonistic or no effect on weed 
control (Norris et al. 2001).  Mixtures of glyphosate with CGA 
362622 controlled common cocklebur (Xanthium strumarium 
L.), smooth pigweed (Amaranthus hybridus L.), common 
ragweed (Ambrosia artemisiifolia L.), lambsquarters, and 
three morningglory spp. greater than glyphosate applied 
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alone (Richardson et al. 2004).  Selleck and Baird (1981) 
reported that the activity of glyphosate on wheat grass (Ag-
ropyron repens (L.) Beauv.), dandelion (Taraxacum officinale 
G.H. Weber ex Wiggers) and Canada thistle (Cirsium ar-
vense (L.) Scop.) in maize were reduced by the combination 
with chlorbromuron, cyanazine, bifenox and atrazine plus 
dicamba and tank mixtures of linuron, chlorbromuron and 
metribuzin with glyphosate reduced the control of wheat 
grass in soybeans.  However, addition of residual herbicide 
S-metolachlor, pyrithiobac, or trifloxysulfuron did not affect 
glyphosate control efficacy on weed, e.g., goosegrass, 
hemp sesbania, johnsongrass, Palmer amaranth (A. palmeri 
S. Wat.), redroot pigweed (A. retroflexus L.), sicklepod, 
or smellmelon (Cucumis melo L.) (Scroggs et al. 2007). 
Scroggs et al. (2005) reported that no reduction in control 
of barnyardgrass, hemp sesbania, johnsongrass, pitted 
morningglory, or sicklepod when glyphosate was coapplied 
with the plant growth-regulator mepiquat pentaborate, a 
foliar sodium calcium borate micronutrient solution, and a 
foliar nitrogen fertilizer solution.  Generally, chemical agents 
have been shown to cause antagonism when coapplied with 
glyphosate.  Bailey et al. (2002) documented that control 
efficacy of glyphosate to lambsquarters, large crabgrass 
(Digitaria sanguinalis (L.) Scop.), morningglory spp., and 
smooth pigweed was reduced when manganese was added 
to herbicide solutions of glyphosate.  Similar results were 
noted in reduction of weed control, including barnyardgrass, 
browntop millet (Urochloa ramosa (L.) Nguyen), Palmer 
amaranth, johnsongrass, ivyleaf morningglory (I. hedera-
cea Jacq.), and redroot pigweed, when zinc was coapplied 
with glyphosate (Scroggs et al. 2009).  Care should be taken 
to avoid the environmental safety (Tornisielo et al. 2013) and 
crop injury (Miller et al. 2008, 2010) questions concerning 
tank chemical mixture applications and the development 
of glyphosate resistance in weeds as the increased use 
of glyphosate has resulted in rapid increase of glyphosate 
resistance worldwide (Heap 2014).
4. Conclusion
With rising production, labor, and fuel cost, coapplication 
of pesticides will continue to be an option whereby cost 
can be reduced.  Data from our study suggest that weed 
control efficacy of glyphosate would not be affected by 
the commonly used insecticides in cotton at the current 
maximum registered rate for over-the-top application.  All 
five glyphosate/insecticide combinations did not reduce 
the insecticidal activities.  In some cases, improved control 
of aphids with certain insecticides was observed when 
coapplied with glyphosate.  The results from this research 
suggest that a careful selection of a suitable insecticidal 
partner mixing with glyphosate could be used to control 
weeds and insects simultaneously in glyphosate-resistant 
cotton production system, with no adverse effects on the 
control efficacy of either glyphosate or the insecticides. 
Further research is needed in order to identify the compat-
ibility of herbicides (particularly glyphosate) with a range 
of registered insecticides so that cotton producers could 
confidently integrate weed and insect management strat-
egies to reduce application costs without sacrificing weed 
and insect control efficacy.  And additional field research 
is important to thoroughly understand the compatibility of 
glyphosate and insecticides in Yangtze River and northwest 
cotton-producing areas in China.  
5. Materials and methods
The experiments were conducted in the experimental field 
at the Institute of Cotton Research of Chinese Academy of 
Agricultural Sciences (CAAS) (36.13°N, 114.85°E), China, 
in 2012 and 2013.  The soil was sandy loam with a pH of 
7.3 and an organic matter content of 1.5%.  This location 
is a representative of the Yellow River cotton-producing 
area in China.
5.1. Weed control with glyphosate and insecticide 
mixtures
The experimental area was irrigated, disked and harrowed 
with a field cultivator before planting and no herbicide was 
applied.  Four weed species were chosen, common purslane 
(Portulaca oleracea L.), false daisy (Eclipta prostrata L.), 
goosegrass (Eleusine indica (L.) Gaertn.), and lambsquar-
ters (Chenopodium album L.) as they are the most common 
and/or troublesome weeds in cotton in the Yellow River 
cotton-producing area in China (Ma et al. 2012).  For each 
weed, seeds were sown (4 May in both 2012 and 2013) in 
rows to a depth of about 2 cm in a plot (50 cm long, five 
10-cm rows wide) and thinned to 25 plants per plot before 
treatment.  The experimental design was a randomized 
complete block (RCB) with four replications for each weed. 
Plants were watered as needed.  Treatments included the 
isopropylamine salt of glyphosate at 1 230 g ai ha–1 alone or 
in mixture with acephate (728 g ai ha–1), carbosulfan (135 g ai 
ha–1), endosulfan (683 g ai ha–1), imidacloprid (32 g ai ha–1), 
and lambda-cyhalothrin (23 g ai ha–1).  A nontreated control 
was included for comparison.  The five selected insecticides 
are commonly used and still registered to control aphid in 
cotton in recent years in China (China Pesticide Information 
Network, http://www.chinapesticide.gov.cn/).  The rates of 
glyphosate and insecticides chosen are the registered rates 
in the cotton (Table 3).
The doses of pesticides and the volume of water required 
per plot were determined before mixing.  Glyphosate and 
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each insecticide were tank-mixed and diluted with water 
just before application.  Uniform applications were made 
using a CO2-pressurized backpack sprayer (AGROLEX 
HD400) at 450 L ha–1 output volume with a cone nozzle. 
We always calibrated the sprayer in the field shortly before 
actual spraying by only using water.  Common purslane at 
4- to 10-leaf growth stage and 4–9 cm tall, false daisy at 4- 
to 8-leaf growth stage and 3–4 cm tall, goosegrass was at 
3- to 5-leaf growth stage and 3–7 cm tall, and lambsquarters 
at 6- to 10-leaf growth stage and 2–5 cm tall at the time of 
pesticides application in both years.  Parameters measured 
for each weed species included visual rating 21 DAT on a 
scale of 0=no control to 100=all plants dead.  In addition, 
plants were clipped at the soil surface 21 DAT, and above 
ground fresh weights were recorded.  
Data were tested for homogeneity of variance prior to sta-
tistical analysis by Shapiro-Wilk tests, and nontransformed 
data were utilized because neither square root nor arcsine 
square-root transformations did improve the normality of the 
percent data.  Weed visual rating and fresh weight data were 
analyzed as a RCB design with a factorial arrangement of 
treatments and years.  One-way analysis of variation (ANO-
VA) was used to determine variation among treatments, and 
means were separated using Fisher’s protected LSD at the 
P=0.05 level of probability.  Analysis was performed with the 
statistical software SPSS 13.0.
5.2. Insect control with glyphosate and insecticide 
mixtures
Experiments were conducted in the same field and the field 
was prepared as described in the weed control experiments 
above.  A transgenic glyphosate-resistant cotton variety was 
planted on 29 April 2012 and 30 April 2013, respectively. 
Plots were 8 m long and four 80-cm rows wide.  The ex-
perimental design was a RCB design with four replications 
of treatments.  
Cotton aphid control treatments included acephate 
(728 g ai ha–1), carbosulfan (135 g ai ha–1), endosulfan 
(683 g ai ha–1), imidacloprid (32 g ai ha–1), and lambda-cy-
halothrin (23 g ai ha–1) applied alone or with glyphosate 
(1 230 g ai ha–1) at the peak aphids infestation season in cot-
ton (>3 000 aphids per 100 cotton plants; 17 May 2012 and 
18 May 2013).  A nontreated control was included.  Cotton 
at application was at the cotyledon stage with about 5 cm 
height.  Treatments were applied using a CO2-pressurized 
backpack sprayer at 450 L ha–1 output volume with a cone 
nozzle.  Ten cotton plants were selected and tagged from 
two randomly parts (5 contiguous plants for each part) in the 
center two rows of each plot and the insect number of each 
whole plant was recorded before treatment.  The number of 
aphids on the tagged plants was assessed 1, 3, and 7 DAT 
according to the effective duration of insecticides.  Percent 
reduction of insects for individual pesticide treatments was 
corrected using Abbott’s (1925) formula: Pr=(Po–Pc)/(100–
Pc)×100, where, Pr=corrected reduction (%), Po=observed 
reduction (%), and Pc=control reduction (%), sometimes 
called natural reduction (%).
Data were tested for homogeneity of variance prior to 
statistical analysis by Shapiro-Wilk tests, and data on total 
number of insects were log-transformed to improve the 
homogeneity of variance.  All data were then subjected to 
one-way ANOVA and means were separated using Fisher’s 
protected LSD at P≤0.05.  Comparisons were made between 
each individual insecticide applied alone and in combina-
tion with glyphosate using a significance level of P≤0.05. 
Analysis was performed with the statistical software SPSS 
13.0.  Untransformed means were shown in tables to show 
treatment effects.
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